Twenty isolates of the dimorphic, pathogenic fungus Histoplasma capsulatum were divided into three classes based on comparisons of restriction enzyme digests of their mitochondrial DNA and rDNA. The majority of isolates, including most North American strains and the African H. capsulatum var. duboisii variants, belong to class 2. Isolates from Central America and South America make up class 3. The attenuated Downs strain is the only member of class 1.
The development of a reliable classification of different isolates of the dimorphic, pathogenic fungus Histoplasma capsulatum and a precise determination of their interrelatedness has been hampered by the lack of suitable genetic markers and simple biochemical or serologic tests (1, 3-5, 20, 24, 25, 27, 29, 32, 39) . Comparisons of restriction fragment patterns of mitochondrial DNA (mtDNA) have been especially useful in determining taxonomic and evolutionary relationships among fungi, protozoans, and animals (2, 6-12, 14, 16-18, 21, 22, 30, 31, 36) . Restriction fragment polymorphisms of rDNA have also been used for such comparisons (18, 38, 41) .
In this work, we compared restriction digest patterns of mtDNAs and rRNAs of H. capsulatum isolates from human and animal sources of diverse geographical origin. We identified three distinct classes of H. capsulatum based on such comparisons.
MATERIALS AND METHODS
Strains of H. capsulatum. Table 1 lists the isolates used in this study and their sources.
Growth of cultures. Yeast-or mycelial-phase cultures of H. capsulatum were grown to the late-log or early stationary phase in liquid GYE medium (2% [wt/vol] glucose, 1% [wt/vol] yeast extract) at 37 or 25°C, respectively (28) . Purity of the culture was determined by microscopic examination and subculture.
Antigenic studies. The exoantigen test of Standard and Kaufman (39) was used to demonstrate antigenic identity of all of the isolates of H. capsulatum used in this study. Briefly, the mycelia and the GYE agar medium of 14-day-old cultures grown at room temperature were homogenized in saline containing 10% Formalin solution. The extract was recovered by filtration and dialyzed against four changes of distilled water. The extract was concentrated to 1/10th its original volume and assayed by immunodiffusion against antiserum containing h and m antibodies specific for H. capsulatum (lot 10AH6; Meridian Diagnostics, Inc., Cincinnati, Ohio) and compared with a standard histoplasmin (HKC-43; obtained from Coy D. Smith, University of Kentucky, Lexington).
Isolation of DNA species. mtDNA of H. capsulatum was * Corresponding author.
isolated from a partially purified mitochondrial preparation by a modification of procedures described for the isolation of Saccharomyces cerevisiae mtDNA (23, 40 To confirm their taxonomic identities, the isolates were evaluated by the exoantigen test of Standard and Kaufman (39) . Extracts prepared from all of the isolates showed lines of identity when reacted against commercial antiserum to H. capsulatum (data not shown).
The Downs strain has lost its ability for sexual reproduction and the capacity to sporulate and since it was the only representative of class 1 (see below), it seemed necessary to carefully document its identity as an H. capsulatum isolate. Figure 1 illustrates the antigenic identity of the Downs strain to standard commercial histoplasmin HKC-43. There was no reactivity of the standard antiserum to blastomycin (lot 10CB3; Immuno-Mycologies, Inc.) nor to a concentrated extract of Sepedonium sp., a fungus whose morphology is similar to that of H. capsulatum (15) . Our identification of the Downs isolate as H. capsulatum was confirmed by Leo Kaufman, Mycology Unit, Centers for Disease Control, Atlanta, Ga., using the exoantigen procedure (39) . The Downs strain was previously identified as mating type (-) by K. J. Kwon-Chung of the National Institute of Allergy and Infectious Diseases, Bethesda, Md. (27) . Figure 2 shows an experiment in which DNAs from the Downs strain of H. capsulatum were separated in a CsClbisbenzimide gradient. The gradient showed two visible bands corresponding to fractions 7 and 8 (upper band) and 3 to 5 (lower band). DNAs in individual gradient fractions were digested wtih EcoRI and analyzed by gel electrophoresis (Fig. 2) .
The upper gradient band was identified as mtDNA by its resistance to micrococcal nuclease digestion of the mitochondrial preparation before lysis and centrifugation in CsCl-bisbenzimide gradients. Electron microscopic examination of DNA from these fractions showed that they included circular DNA molecules whose contour lengths corresponded to the sum of the molecular weights of the restriction fragments (appeared to be full-length mtDNAs).
The lower gradient band was composed of micrococcal nuclease-sensitive (extramitochondrial) nuclear DNA contaminating the mitochondrial preparation (the smear of restriction fragments in Fig. 2, lanes 4 and 5) . The highestdensity fraction contained a DNA species producing discrete bands in restriction digests (lane 3). This DNA was identified as rDNA by hybridization to 25S rRNA of the yeast-phase Downs strain. The rDNA could be isolated relatively free of other nuclear DNA and mtDNA only in the bottom fractions (Fig. 2, lane 3) , although it was also present in other gradient fractions. Large restriction fragments in the nuclear DNA smear also hybridized to the rRNA probe, probably owing to incomplete digestion of the DNA.
DNAs from other strains of H. capsulatum gave similar gradient profiles, but class 2 strains (Table 1 ) also contained a third unidentified band between the nuclear and mtDNA. That band did not hybridize with rDNA and disappeared after treatment of mitochondrial preparations with micrococcal nuclease. Additional unidentified minor gradient bands were also present in some preparations.
Restriction digest patterns of mtDNA from 21 strains of H. capsulatum and 2 strains of H. capsulatum var. duboisii (Table 1) could be divided into three distinct classes (Fig. 3) Centrifugation was carried out in 13.5-ml gradient tubes (Ti5O). recognition sequences were tested) produced an identical and characteristic pattern on the mtDNA isolated from each member of a class; each of the three classes had a unique pattern.
A comparison of restriction patterns for representative strains of each class (class 1, Downs; class 2, G217B; class 3, G184B) for each of four restriction enzymes is shown in Fig.  3A . KpnI, HhaI, and XbaI digests show relatively few bands in common among the different classes. However, BglII digests (Fig. 3A, lanes 13 and 14) show at least six fragments in common between classes 2 and 3. The BglII digests of mtDNA isolated from members of all three classes are displayed in Fig. 3B . They show the common pattern shared by members of the same class and the close similarity of the class 2 and class 3 patterns (compare lanes 3 to 7 and 8 to 11). In contrast, the class 1 (lane 2) pattern is markedly different from the other two. Molecular weights of the mtDNAs of the strains in each class were calculated as the sum of the molecular weights of the restriction fragments. Class 1 mtDNA has an apparent molecular weight of 47 kilobases; class 2 mtDNA, 38 kilobases; class 3 mtDNA, 33 kilobases. The estimated molecular weights were approximately equal to the contour lengths of the circular molecules observed by electron microscopy.
A comparison of EcoRI digests of rDNA from representative strains of the three classes of H. capsulatum (Table 1 ; Fig. 4) showed that their restriction fragment patterns also fell into the same three classes as those determined by comparisons of mtDNA polymorphisms. The rDNA repeating units of classes 1, 2, and 3 were 6.9, 7.3, and 8.4 kilobases, respectively. We also tnonitored rDNA by South-VOL. 165, 1986 .i r.s, .., ig:,. by mtDNA and rDNA restriction patterns. Included in this group are strains which span the apparent spectrum of diversity noted above, including as extreme examples the H. capsulatum var. duboisii variants. All members of the class share common mtDNA and rDNA restriction patterns when enzymes with 6-base-pair recognition sequences are used. Class 3 is comnposed of strains with a limited geographical distribution (Central America and South America). The size and restriction pattern differences between mtDNAs of class 2 and class 3 H. capsulaturn isolates were roughly similar to those observed for other filamentous fungi (10, 16, 34, 35) . mtDNA restriction patterns of H. capsulatum var. duboisii, a variant with unique morphology and a relatively distinct clinical presentation of infection (23), clearly identify it as a member of class 2, which contains most of the strains we studied. Therefore, the phenotypic differences between H. capsulatum var. duboisii and other organisms in class 2 may represent a relatively small number of differences in nuclear genotype (18, 26) .
Thus far, the Downs strain is the only member of class 1. The mtDNA of the Downs strain is the largest of those found in the three classes, and restriction patterns of its mtDNA and rDNA appear to be markedly different from those of classes 2 and 3. Downs has antigenic identity with standard strains of H. capsulatum and has been successfully mated with mating type (+) strains (27 
